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REFRIGERATION LUBRICANT BASED ON POLYOLES
TER FOR USE WITH HFCS
AND PROSPECT OF ITS APPLICATION WITH R-22
(PART 1) TRIBOLOGICAL CHARACTERISTICS
Masay oshi Mura ki and Kazuo Tagaw a

Mitsu bishi Oil Co., Ltd., Lubric ants Resea rch Laboratory,
Japan

Darni ng Dong
Sansek i Techn o Co., Ltd., Japan

ABST RACT
Tribological behav ior was evalua ted for polyol ester base oil
and the formu lated oils in some HFCs and HCFC
refrigerants environment. HFCs as well as R-22 showe d the bound
ary lubricating effect depen ding upon the solubility
of gas in the oil. Thus, higher gas pressu re of the refrigerants
impro ved the wear resista nce. A synergistic effect on
antiwear properties was found when using an aryl phosp hate
togeth er with a sulfur -phosp horus type additiv e whose
perfonnance was comparable to that with the fonnulated alkylb
enzene in R-22. The surfac e analysis showe d that the
improvement of antiwear perfor mance was because of promo
ting the formation of a reaction film containing both iron
phosphate from aryl phosp hate and the decom positio n produc
ts of polyolester on the sliding surfaces.

INTR ODUC TION
In accord ance with the predet ermin ed schedu les of the interna
tional treaty based upon Montr eal protocol, the
produc tion of chloro fluoro carbon s (CFCs ) was totally banne
d by the end of year 1995 and that of the hydrochlorofluorocarbons (HCFCs) has been phased out to meet future regula
tory legislation requirements. Instead, hydroflourocarbons (HFCs ) having no ozone deplet ing potent ial have
been regarded as alternative refrigerants. Since the
replac ement of CFCs seems to have been succes sfully compl
eted in househ old refrigerators and automotive air
conditioners, the current major conce rn is applic ation of HFCs
to air condit ioners and low tempe rature refrigeration
equipments. In refrigeration compr essor applications, one of
the key issues is the lubric ant perfor mance s which are
primarily miscibility with HFCs , therma l and chemical stabili
ty and tribological properties. Polyol esters (POEs ) have
been regarded as one of the most promi nent candid ates of refrige
ration lubric ant for HFCs . Howev er, it has been
pointe d out that POE has the drawb ack of hydrolysis which
results in sludge forma tion and wear enhan cemen t in
compressors [1]. Thus, POE lubric ants have to be optimi zed
from a viewp oint of chemi cal structure of base oil and
the additive fonnulations. The presen t paper describes the tribolo
gical perfor mance of the develo ped refrigeration
lubricant based upon· a specif ied combi nation of POE and the
additive packages.

OILS TEST ED AND SOLU BILIT Y OF Oll.JR EFRIG ERAN

T MIXT URE

The base oils of lubric ants tested are a pentae rythrit ol type
ester POE(A 32) and an alkylb enzene AB having a
branched alkyl substituent. Some proper ties ofbas e oils and
compositions of additiv e-cont aining POEs are listed in
Tables 1 and 2, respectively. All the formulated POEs contain
in comm on a small amoun t of a pheno l type antioxidant
and an epoxid e type stabili zer whose perfor mance is descri bed
in part 2 report. In additio n, an aryl phosp hate (AP)
and a sulfur-phosphorus (S-P) type antiwe ar additive were separa
tely or together added to impro ve the wear resistance,
in which POE-C contai ned as much AP as POE-A and as much
S-Pas POE-B .
First, the viscosity of oil/re:frigerant mixtur e was measu red
with a falling piston type viscom eter as shown in
Fig. I. Figure 2 shows the viscosity as well as the solubi lity of
refrigerant gas in the oil under a consta nt gas pressure
and temperature. The oil/ref rigera nt mixtu re showe d the lower
viscosity than the oil in the air for each oil. Declin e
of viscosity ofPOE 'With re:fiigerant was more significant for R~22
than for HFCs, and the viscos ity ofPOE /HFC was
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te to that of observed solubility of refrigerant in
in the order ofR-40 4A > R-407C > R-134 a This order is the opposi
n POE and AB for R-22, the viscosity of POE
POE as shown in the figure. On the other hand, when compared betwee
viscosity of the oil in the presence of refrigerant
decreased more significantly than that of AB. These indicate that the
is governed by the solubility of gas in the oil.

TRIBO METE R AND TESTI NG COND ITION S
type tribometer. The ring and the block
The experimental apparatus for friction and wear test was a block-on-ring
tool steel (SABOl), respectively. They were
are made of nickel chromi um molybd enum steel (SAE4 620) and alloy
HRC 28-32 for the block. The ring was 35mm
machined and heat treated to a hardness HRC 58-62 for the ring and
width. The surfaces ofboth the test specim ens
in outer diameter and 8.7mm in width, and the block was 6.35mm in
m.
were ground to the initial surface roughnesses less than R.. of 0.2 JL
to the required pressure. Then, the test was
After the test chamber was evacuated, refrigerant gas was charged up
the test both the frictional force and bulk
started under a predetermined load and the initial bulk temperature. During
specific wear rate was determined based on the
temperature were recorded on a personal computer. After the test, the
experiments were carried out under the sliding
width of the wear scar on the block and the wear loss of the ring. The
range from 750N(76.5kg) to 1250N(127.5kg)
speed of0.5m /s, the initial bulk temperature of80°C and the load in the
for the test duration of 60 minutes.

EFFE CT OF REFRIGERANTS
ined varying gas pressure. Under the gas
Figure 3 shows the frictional characteristics of POE base oil determ
ed to reach the seizure before the end of the
pressure of100kPa(l.Okg/cm2), the coefficient of friction abruptly increas
ient of friction becam e steady state during the
run. When elevating gas pressure up to 200kPa(2.0kg/cm~, the coeffic
e continued to decrease until the end of run.
run. Meanwhile, the coefficient of friction under the highest gas pressur
reduced the coefficient of friction.
It is apparent that the increase in gas pressure preven ted seizure and
in Fig.4. The combination of POE/R-22
The specific wear rate for POE base oil varying the refrigerants is given
rate with R-404A was the highest of the
wear
the
showed much lower wear rate than POEIHFCs. On the other hand,
order of antiwear performance with refrigerant
data in HFCs, R-407C the intermediate and R-134 a the lowest. The
Fig.2. It implies that antiwear performance of
agrees well with that of solubility of refrigerant in POE as shown in
the oil.
POE base oil may be correlated with the solubility of refrigerant in

EFFE CT OF ADDITIVES
in table 2 in R-134a environment. The
Figure 5 compares the antiwe ar properties of the formulated oils listed
ated POEs showed the low wear rate compared
wear rate increased consistently with load for each oil. All the formul
(l02kg ), in which POE-C contain ing both
with that for POE base oil under the loads from 750N(7 6.5kg) to 1000N
load of the presen t experimental conditions,
AP and S-P was superior to both POE-A and POE-B . Under the highest
POE-C remained its effect whose wear rate was
however, both POE-A and POE-B became almost ineffective while
istic effect ofthe additives on wear resistance
alm()st equal to that for the formulated AB-A in R-22. That is, a synerg
was found when using AP togethe r with S-P type additive.
rant under the highest load conditi on as
Wear behavior of the formulated POEs was compa red varying refrige
wear resistance of the POEs in each refrige rant
shown in Fig.6. As is evident in the figure, POE-C shows the highest
refrigerant for each additive-containing POE,
On the other hand, when comparing between the data obtained varying
is the highest, R-407C the intermediate and
it is common to the results for all the POEs that the wear rate in R-134a
for the additive-containing POEs is contrary to
R-404A the lowest That is, the variation in wear rate with refrigerant
for POE base oil was considerably influen ced
that obtained for POE base oil in Fig.4. As shown earlier, the wear rate
result implies that a competitive adsorp tion
by the amount of dissolved refrigerant in the oil. Thus, this contradictory
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between refrigerant and additives occurred on the slidin
g surfaces in the case ofform ulated POEs .
SURF ACE OBSE RVA TION AND SURF ACE ANA
LYSI S
Figure 7 shows the surface observation of rings by means
of an optical microscope. It is obser ved that there are
some parts similar to the block material on the surface
for POE-A, meanwhile the surface for POE- C is gener
ally
smooth. It is inferred that adhesion occurred on the slidin
g surfaces which resulted in transfer of the mating mater
ial
to the ring surface.
The surfaces of rings were analyzed by X -ray photoelectr
on spectroscopy (XPS). Figure 8 shows the XPS spectra
of the detected elements, and table 3 summarizes their atomi
c concentrations at the outermost surfaces. In Fls spectr
a
show n in Fig.&(a), the bindin g energy (B.E.) at the peak
is the same for all the results, which indicates the presen
ce
ofFeF2. The atomic concentration ofF is in the order ofPO
E-A > POE- B >POE -C. The peak at B.E. in P2p spectr
a,
which is conun on to the results for all the POEs , is ascrib
ed to FeP04. The atomic conce ntrati on ofP for POE- Cis
approximately three times as high as those for both POEA and POE- Bas shown in table 3. This tendency is almos
t
opposite to the results obtain ed with F element. Meanwhile
, Cis spectrum for POE- Cis appreciably different from
those with the other POEs. That is, the intensity in the range
ofB.E . from 286 to 290eV, which is due to a chemical
bond ofC and 0 such as carbonyl, carboxylic and ether group
, is highe r for POE-C than for the others. This indicates
that the concentration of the decomposition and reaction
products of ester base oil in the film is higher for POE- C
than
for the other POEs. The peak at B.E. of529 .0eV in Ols
spectra is due to FeOx while the range from 530 to 533eV
is
ascribed to oxygen having a chemical bond with carbo
n. POE-C shows much lower intensity of FeOx but highe
r
intensity ofC- 0 than both POE- A and POE- B, which reason
ably agrees with the results in Cis spectra.

DISCUSSION
From these results, it may be concl uded that the refrig
erants play an important role in bound ary lubrication
depending upon the solubility of gas in the oil when lubric
ated with POE base oil in R-22 and HFCs . On the other
hand, there must be a competitive adsor ption accom
panying a reaction film between refrigerant and antiw
ear
additives on the sliding surfaces when the formulated POEs
are used, in which the effect of additives is predominan
t.
S-P type additi ve has a role of promo ting formation of
iron phosphate derived from aryl phosp hate and iron soap
from ester base oil on the surfaces. With respect to the mecha
nism of wear reduction based on the interaction between
the two additives, further study would be required.

CONCLUSIONS
Friction and wear performances of polyolesters with and
without additives were studied with a block on ring type
tribometer in some HFCs and R-22 refrigerants environmen
t. The results obtained are as follows.
(1) HFC refrigerants play a boundary lubrication role on
the basis of formation of metal fluoride depen ding upon
the
solubility of gas in the oil which effectively prevents adhes
ion and reduces wear amount.
(2) Addition of aryl phosphate together with S-P anti wear
additive in POE is beneficial for antiwear performance which
is almost comparable to that for the formulated alkylbenzen
e in R-22.
(3) When additive-containing oils are used, there must be
a competitive adsorption between refrigerant and additi
ves
onto the sliding surface.
REFE REN CE
[1] Muraki M. : Proc. Int. Sym. on R-22 & R-502 Alter.
Ref., Japan 1994, 101.
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Table 1 Properties of base oils
POE(A32)
Structure
Viscosity, mm2/s
@40°C
@80°C
Viscosity index
LCST 1), oc
with R-134a
with R-407
with R-404A
with R-22

AB
alky!benzene

polyo lester

30.97
6.966
-39

30.62
8.244

101
-39

-31
<-60
<-60

<-60

1) Lower Critical Solubility Temperature

Table 2 Compositions of formulated oils
POE-A
POE (A32)
Base oil
Additive
AQl)
0
0
Epoxide
AP2l
0
S-P 3 )

POE-C

POE-B

- -

AB-A
AB

0

0

0

0

0

0

0

0
0

2) Aryl phosphate
1) Antioxidant
3) Sulfur-phosphorus type additive
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Fig.2 Viscosity and solubility of oillrefligerant mixture
Fig.l Falling piston type viscometer

2
( Temp.: 80°C, Gas Pres.: 600kPa( 6.0kg/cm ) )
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Fig.3 Frictional characteristics of POE (A32)

Fig.4 Anti wear properties of POE (A32)

(Ref.: R-134a, Load: 750N(76.5kg))

( Gas pres.: 600kPa(6.0kg!cm 2), Load: 750N(76.5kg))
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Fig.5 Wear rate for formulated oils vs load

Fig.6 Antiwear properties in HFC ref1igerants

(Ref.: R-134a, Gas pres.: 600kPa(6.0kg/cm 2))

(Gas pres.: 600kPa(6.0kg/cm 2 ), Load: l250N(l27.5kg))

sliding

(a) POE-A
Fig. 7 Sliding srnfaces of rings after the test

(b) POE-C

(Ref.: R-134a, Gas pres.: 600kPa(6.0kg!cm 2), Load: 1250N (127.5kg))
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(c) Cls
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Fig.8 XPS spectra for sliding surfaces of rings with FOEs
(Ref.: R-134a, Gas pres.: 600kPa(6.0kglcm 2), Load: 1250N (127.6kg))

POE-A

POE-B

POE-C

Fe

11.68

8.48

7.70

0

34.78

31.88

33.03

c

51.80

57.92

56.05

F
p

0.72

0.51

0.32

1.02

0.81

2.90

s

Table 3

Atomic concentrations of detected
elements at outermost sutface

2
(Ref.: R-134a, Gas pres.: 600kPa(6.0kg/cm ),)
kg)
Load: 1250N(127.6

0.40
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